A study was conducted to evaluate the effects of social familiarity and initial BW variation at mixing on performance and welfare of pigs born to group-housed lactating sows. A total of 180 pigs from 24 litters were used in a random design with 4 treatments in a 2 × 2 (social familiarity × initial BW uniformity) factorial arrangement. Pigs were born in group-farrowing rooms where they mingled in large groups of 66 to 80 pigs from 10 d of age. At 8 wk of age (BW = 23 ± 3.1 kg), pigs were allocated to 20 pens of 9 pigs (5 castrated males and 4 females) in a grow-finish room, with 5 pens assigned to each of 4 treatment combinations without consideration of relatedness. Familiar groups consisted of pigs from 1 farrowing room, and unfamiliar groups consisted of 3 pigs from each of 3 different farrowing rooms. Uniform BW groups were formed by using the middle 2 quartiles, and variable BW groups by using the heaviest and lightest quartiles of pigs. Aggression and activity behavior were directly observed by scan or continuous sampling during a period of 4 h on the first 3 d, d 7, and d 14 after grouping. Injury scores were assessed on all pigs immediately before and 48 h after grouping. Body weight gain and apparent feed intake were measured every 2 wk for 14 wk. Aggression in familiar groups was minimal throughout the observation periods. Compared with that in familiar groups, total duration of fighting was greater in unfamiliar groups on d 0 (upon grouping, 48. ; P < 0.05) after grouping. Unfamiliar pigs had greater injury scores (6.6 vs. 1.8 ± 0.28; P < 0.001) and spent less time eating on d 0 (5.1 vs. 8.8 ± 0.92% of total observation time; P < 0.01) after grouping compared with familiar pigs. The ADG and ADFI were decreased in unfamiliar groups during the initial 6 wk, but not for the entire 14-wk period in comparison with familiar groups. Body weight variation did not affect behavior and performance in familiar groups but increased aggression-induced injuries in unfamiliar groups. The results indicated that grouping unacquainted pigs derived from large groups induced overt aggression, associated injuries and initial reduction in performance, which causes welfare concerns on mixing pigs born to group-housed lactating sows.
INTRODUCTION
The benefit of group-housing to sow welfare has been addressed extensively in research (Pedersen et al., 1998; Karlen et al., 2007) . In contrast, effects of sow grouphousing on performance and welfare of offspring are not well documented. Pigs born to group-housed lactating sows usually mingle in large groups (more than 50) at 10 d of age. When these pigs are transferred to new accommodations for finishing, they often are housed in small groups. The transition from large to small groups is associated with changes in social condition. In small groups, a stable social organization is maintained by dominance relationships which are established by initial contests among the group members (Meese and Ewbank, 1973) . In large groups, dynamic social conditions are formed based on tolerance to each other and selective competition among pigs (Andersen et al., 2004; Turner and Edwards, 2004; Estevez et al., 2007) . When pigs in group lactation are allocated to small groups, they are moving from a dynamic to a stable social condition, which consequently may affect behavior and performance of these pigs.
Social familiarity and BW uniformity among pigs can affect aggression at mixing and performance for a period beyond mixing (Stookey and Gonyou, 1994; O'Connell et al., 2005) . There is evidence that large variation in BW can facilitate establishing dominance social hierarchy, which consequently results in reduced aggression (Rushen, 1987; Andersen et al., 2000) . Grouping strategies based on familiarity and BW variation may be useful to limit aggression and the associated negative impact on welfare and performance of pigs. It is not clear whether these strategies are still effective when pigs are challenged by changes in social condition that occur when pigs move from large to small groups. The following study was conducted to evaluate effects of social familiarity and BW uniformity at grouping on performance and welfare of pigs born to group-housed lactating sows.
MATERIALS AND METHODS
The Institutional Animal Care and Use Committee of the University of Minnesota reviewed and approved the experimental protocol for this study.
Animals, Facilities, and Management
The study was conducted at the University of Minnesota West Central Research and Outreach Center between April and July of 2006. Pigs (Yorkshire × Landrace) born to 24 litters in 3 group-farrowing rooms (9.8 × 11.0 m 2 ) were used. The sows were group-housed during gestation. Four to seven days before farrowing, 8 sows from a gestation pen were moved to 1 of 3 identical farrowing rooms, where they shared 2 dry-feeders with 4 feeding spaces each, 2 cup drinkers, and a communal dunging area. Farrowing rooms had solid concrete floors that were bedded with wheat straw to a depth of about 15 cm. Eight open pens (2.4 × 2.7 m 2 ) were present in each farrowing room. The sows farrowed in individual farrowing pens and their piglets stayed in the pens during the 1st wk after birth. At 10 ± 3 d after farrowing, the farrowing pens were removed so that the sows and their piglets within each room mingled in a large group. Piglets were weaned at 28 ± 3 d of age by moving the sows from the farrowing rooms. The piglets remained in the farrowing rooms until 8 wk of age when they were selected for the study. At selection, the group size in each farrowing room was 80, 66, and 66 pigs, respectively.
A total of 180 healthy pigs (BW = 23 ± 3.1 kg) selected from 3 farrowing rooms were used in the study. A random design with 4 experimental treatments in a 2 × 2 (social familiarity × initial BW uniformity) factorial arrangement was employed. Pigs were sorted based on farrowing room and BW. Pigs derived from the same farrowing room were pen mates and considered familiar to each other, whereas pigs derived from different farrowing rooms were non-pen mates and considered as unfamiliar to each other. Relatedness of pigs (littermates or not) was not considered in the allotment of pigs to treatments because of its limited impact on aggression at mixing (Puppe, 1998; Stookey and Gonyou, 1998) . The familiar groups consisted of pigs from 1 farrowing room, and the unfamiliar groups consisted of 3 pigs from each of 3 farrowing rooms. To assess effect of BW variation on aggression and performance, we manipulated BW variation within a pen to create uniform BW or variable BW groups. The uniform BW groups were formed by using the middle 2 quartiles of pigs to achieve a within pen CV less than 9%, and the variable groups consisted of pigs from the heaviest and lightest quartiles to achieve CV within each pen greater than 16%.
The pigs were allocated to 20 pens of 9 pigs (5 castrated males and 4 females) in a grow-finish room, with 5 pens assigned to each of 4 treatment combinations. Each pen was 1.6 × 4.7 m 2 in size on fully slatted concrete floors and equipped with a nipple drinker and a 4-space dry feeder. Space allowance was 0.76 m 2 per pig excluding space occupied by the feeder. Temperature in the room was controlled by ventilation fans and heaters to achieve temperature as near as possible to the thermoneutral zone for pigs. Light period was 8 h starting from 0700 h with emergency lights on during the dark period. Pigs had ad libitum access to corn-soybean meal based mash diets. Three diets were fed during the experiment to meet the nutritional requirements of the pigs based on NRC (1998). Room temperature, feeders, drinkers, and animal health were checked twice daily. When any pigs were removed from the study due to poor health or compromised welfare, their BW were recorded and feed weighed to calculate ADG, ADFI, and G:F.
Measurements
Behavior. Aggression, eating, and lying behavior were directly observed after grouping. The grouping day was considered as d 0, and each of the subsequent 24-h periods were defined as d 1, d 2, and so on. Observations were conducted on d 0, 1, 2, 7, and 14, and lasted for 4 h on each day. On d 0, observations began immediately upon completion of grouping at about 1000 h. On the other days, pigs were observed between 1300 and 1700 h. All observations were conducted by 1 trained observer to eliminate interobserver discrepancy. Both continuous and instantaneous scan sampling (Martin and Bateson, 1993) were conducted during each observation period. Aggression in each pen was observed continuously for 3 min at 20-min intervals, for a total of 36 min during 4 h of each observation day. The number of fights and duration of fighting were recorded. A fight was defined as parallel and inverse parallel pressing with open mouth biting because this is the predominant form of damaging agonist interactions among pigs (Schmolke et al., 2004; Li et al., 2006; Turner et al., 2006) . If a fight occurred during a continuous observation period and not concluded by the end of the 3 min, the observation was continued until the end of the fight. The identification of individual pigs involved in fights was not recorded. Meanwhile, each pen was scanned at 5-min intervals, and the number of pigs performing eating (head in feeder), lying (lateral or ventral recumbency), and other behaviors (neither eating nor lying) was recorded. These behaviors were mutually exclusive. In total, each pen was scanned 48 times during each observation day.
Injury Scores. Injuries caused by aggression were assessed on individual pigs immediately before and 48 h after grouping. For purposes of the assessment, the body of each animal was divided into 3 zones per side ( Figure 1 ): head, neck and shoulder, and the remaining parts of the body, using a modified method of Hodgkiss et al. (1998) . Each zone received an injury score based on the number of scratches on it. The scoring method used followed that of Gonyou et al. (1988) which was 0 = no scratches; 1 = 1 to 3 scratches; 2 = 4 to 6 scratches; 3 = more than 6 scratches. The minimal score for each pig was 0, and the maximal score was 18 (6 zones times maximum score of 3). The injury score was assessed by one person to keep the scores consistent throughout the experiment.
Performance. Pigs were weighed individually at the beginning of the experiment, at 2-wk intervals thereafter, and at the conclusion of the study when pigs were 22 wk old to obtain ADG, and initial and final CV of BW. Apparent feed intake was monitored per pen by weighing the amount of feed added and excess feed in the feeder every 2 wk at the same time as weighing pigs.
Data Analysis
Behavioral data were summarized for the entire 4 h of the observation. The number of fights, total duration of fighting, and mean duration of each fight were calculated for each pig. Behavioral time budgets for eating, lying, and other behaviors were expressed by time spent on each behavior as a percentage of total observation time (Martin and Bateson, 1993) . The injury scores on the left and right side of the body were summed to obtain a total score for the head, the neck and shoulders, and the remaining parts of the body as well as a total score for each animal. Individual BW were used to calculate CV of initial and final BW within each pen, and ADG for each 2-wk period. Average daily apparent feed intake and G:F were calculated on a pen basis over each 2-wk period.
All data were tested for normal distribution. Because the data of aggression and injury score were not normally distributed, square root transformation was performed to achieve normal distribution (SAS Inst. Inc., Cary, NC). A mixed model (PROC MIXED of SAS; Littell et al., 1996) was used to analyze the data with the treatments of familiarity, uniformity, and their interaction as fixed effects, and pen as a random effect in the model. Effects of treatments on injury score after grouping were analyzed by adjusting the injury score before grouping through covariance analysis. Because the same treatment effects on performance were observed during each 2-wk period of the initial 6 wk, the performance data were summarized for the growing phase (wk 0 to 6), the finishing phase (wk 6 to wk 14), and the entire 14 wk of the study. The data collected repetitively over each period were treated as repeated measures. In all cases, pen was the experimental unit for statistical analysis of the data. All reported means are least square means.
RESULTS
Two male pigs were removed due to lameness after 4 wk on the study. Both of these pigs were from variable BW groups, with 1 from a familiar group and another from an unfamiliar group. The remaining animals were healthy through the entire period of the study. Data of behavior, injury score, and performance during the first 4 wk were collected on 180 animals, and the performance data after wk 4 were collected on the remaining 178 pigs.
Behavior and Injury Score. There were no interactions of familiarity and uniformity for aggression associated with grouping (P > 0.05). On d 0, total duration of fighting, number of fights, and mean duration of fights were increased (P < 0.001; Table 1 ) among pigs in unfamiliar groups in comparison with those in familiar groups. The differences in aggression between familiar and unfamiliar groups remained significant (P < 0.05) on d 1. From d 2 and thereafter, there were no differences in aggression between familiar and unfamiliar groups. Body weight variation did not affect aggression induced by grouping at any times during the observation.
Total injury scores were greater in unfamiliar groups than in familiar groups (P < 0.001). Injury scores on each zone of the body showed the same trend as the total injury scores. There were interactions for total injury scores and injury scores on the neck and shoulders between familiarity and uniformity. Pigs of variable BW endured more scratches than pigs of uniform BW (7.6 vs. 5.7 ± 0.40, P = 0.02 for total injury scores; and 2.9 vs. 2.0 ± 0.19, P = 0.04 for injury scores on the neck and shoulders) in unfamiliar groups but not in familiar groups.
Neither familiarity nor uniformity affected time spent lying or engaged in other behaviors (Table 2) . However, eating time was reduced on d 0 in pigs in unfamiliar groups compared with pigs in familiar groups (P < 0.01). Body weight variation did not affect time spent eating. Interactions of familiarity and uniformity were not significant for behavioral time budgets.
Performance. The average CV for initial BW in the variable BW groups and the uniform BW groups were 17.7 and 8.4%, respectively (Table 3) . The difference in CV of final BW between the variable BW and the uniform BW groups remained significant (P < 0.001). Familiarity neither affected final BW nor variation in final BW. However, during the initial 6 wk of the growing phase, ADG among unfamiliar pigs was reduced (P < 0.01) compared with that in familiar groups. The reduction in ADG was associated with reduced ADFI (P = 0.04). Familiarity did not affect ADG for the remaining period (wk 6 to 14) or the entire 14-wk period of the study. The G:F was not affected by familiarity for any period of the study.
Uniformity did not affect ADG, ADFI, or G:F for any period or for the entire period of the study. Interactions of familiarity and uniformity were not significant for any of the performance variables (P > 0.05).
DISCUSSION
This study demonstrated that grouping unfamiliar pigs born to group-housed lactating sows induced overt aggression and associated injuries. In pigs of unfamiliar groups, total duration of fighting at grouping was 97 times that of pigs grouped with familiar ones. In fact, fighting and associated injuries in pigs of familiar groups were minimal throughout the observation periods. These results are consistent with results of previous studies. In pigs housed in small groups, O'Connell et al. (2005) reported that regrouping at 10 wk of age increased fighting frequency by 40 times during the first 2 d compared with pigs that were not regrouped. Turner et al. (2001) noted a difference in initial aggression between familiar and unfamiliar pigs derived from large groups, suggesting that large group sizes did not impair the ability of the pig to categorize others as pen mates or non-pen mates. Because individual recognition was beyond the research scope of the current study, we do not know whether pigs born to group-housed lactating sows could recognize each individual when allotted into small groups. Nevertheless, the difference in initial aggression among pigs in familiar groups compared with pigs in unfamiliar groups in this study indicated that familiarity was the major factor determining aggression among pigs derived from large groups.
In the current study, we observed that initial aggression among pigs in unfamiliar groups was intense on d 0 and remained obvious on the following day. The overt fights coincided with scratches on the pigs 48 h after Familiar pigs were derived from 1 large group, and unfamiliar pigs were derived from 3 different large groups.
2 Uniform groups were formed by using the middle 2 BW quartiles of pigs, and variable groups consisted of pigs from the heaviest and lightest quartiles of pigs.
3 Interactions of familiarity and uniformity were not significant (P > 0.05) with the exception of total injury scores (P = 0.02) and injury scores on the neck and shoulders (P = 0.04). Pen was the experimental unit.
grouping. The total injury scores were 3 times greater in unfamiliar groups compared with familiar groups, which mainly resulted from injuries on the head, and the neck and shoulders, indicating that fighting was the major cause for these injuries (Turner et al., 2006) . Unfamiliar pigs also spent less time eating on d 0 in comparison with familiar pigs. Other researchers (Pitts et al., 2000; O'Connell et al., 2005; Davis et al., 2006) Familiar pigs were derived from 1 large group and unfamiliar pigs were derived from 3 large groups.
2 Uniform groups were formed by using the middle 2 quartiles of pigs, and variable groups consisted of pigs from the heaviest and lightest quartiles of pigs.
3
Interactions of familiarity and uniformity were not significant (P > 0.05). Pen was the experimental unit.
observed similar results. The overt fighting, and associated injuries combined with reduced eating time may cause welfare concerns for grouping unfamiliar pigs derived from large groups.
Although BW variation did not affect behavior and performance of pigs in familiar groups, pigs of variable BW in unfamiliar groups did endure more scratches caused by aggression, indicating intense aggression among these pigs (Turner et al., 2006) . This did not support the concept that large variation in BW could facilitate establishing dominance social hierarchy (Rushen, 1988; Jensen et al., 1996) and aggression among pigs of large BW differences was less intense than aggression among pigs of similar BW (Rushen, 1987; Andersen et al., 2000) . Jensen and Yngvesson (1998) The aggression in unfamiliar groups was associated with a reduction in ADG by 4% compared with familiar groups during the initial 6 wk. Consistent with the reduction in ADG, ADFI of unfamiliar pigs was reduced by 2.3% compared with that of familiar groups during the same period. The reductions in ADG and ADFI were short-lived and were overcome before reaching market weight. Other researchers (Gonyou et al., 1988; Stookey and Gonyou, 1994; O'Connell et al., 2005) observed similar patterns of aggression and associated decreased ADG when mixing pigs in small groups. The discrepancy between the current study and previous studies was that we observed the initial reduction in ADG lasted for 6 wk, whereas others observed the reduction for a shorter period (Gonyou et al., 1988) . It should be noted that pigs used in our study were previously raised in straw-bedded rooms. Changes from bedded to concrete slatted floors could cause extra stress in addition to grouping. There was evidence that reduction in BW gain lasts for longer periods when coupled with another stressor (Randolph et al., 1981; McGlone et al., 1993) . Hence, the reductions in ADG and ADFI for the initial 6 wk observed in the present study could be the result of coincidental stress of changing floors from bedded to concrete slatted at grouping. Nevertheless, our results suggested that when grouped with non-pen mates into small groups, pigs derived from large groups can experience similar stress and reduction in performance as pigs derived from small groups.
The present study indicated that initial BW variation affected variation in final BW. Although the large BW variation in the variable BW groups was diminishing over the entire 14-wk period, the CV for final BW was still greater in the variable BW groups than in the uniform groups. This indicated that sorting by BW at the early stage of growing phase could result in uniform BW within a pen at marketing. This was in agreement with some previous studies. By sorting pigs at 10 wk of age, O'Connell et al. (2005) noted that within-group CV for market weights was reduced. Similar results were reported by Hoster and Baltussen (1992) . However, sorting by BW usually involves mixing unfamiliar pigs, which induces aggression and the associated negative effect on animal welfare. Other studies (O'Quinn et al., 2001; Brumm et al., 2002) did not demonstrate that sorting by BW at early growing phase reduces variation in market weight.
In summary, familiarity at grouping affected performance and welfare of pigs born to group-housed lactating sows. Grouping unfamiliar pigs derived from large groups caused overt aggression and associated injuries during the first 2 d after grouping, and reduced ADG and ADFI during the initial 6 wk. Body weight asymmetry increased aggression-induced injuries in unfamiliar pigs.
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